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INTRODUCTION 
When an epoxy compound reacts with an alcohol or phenol, 








If the epoxide is unsymmetrical the structure of the product 
is often difficult to predict, as the ring may be broken in 
either of two directions, giving two possible isomers. 
A 
B 
Reaction A, in which the hydroxyl group becomes attached to 
the carbon atom with the least number of hydrogen atoms, will 
be referred to as the "normal" course of addition in accord-
ance with the rule established by Markownikov (l) in 1875. 
The direction of ring opening depends upon the catalyst 
employed, reaction conditions, and directive influences of 
neighboring groups within the oxide itself. If propylene 
oxide (2) is allowed to react with an alcohol or phenol in 
the presence of some base such as sodium hydroxide or sodium 
ethoxide, the product will consist almost entirely of the 
primary ether-secondary alcohol formed by normal addition: 
1. All references are in bibliography. 
CH CIJ-CH 




In the presence of an acid catalyst (3), however, a mixture 
of isomers is obtained. 
The substitution of chlorine for one of the hydrogen 
atoms in the methyl group has a rather marked effect upon 
the behavior of the epoxide ring. Epichlorohydrin (2) 
reacts with alcohols or phenols to give the same isomer 
regardless of the catalyst employed . 
This would indicate that there is considerable -directive 
influence exerted by the chloromethyl group. In the pres-
ence of a basic catalyst steric considerations would 
predict that the primary ether-secondary alcohol would 
be formed because of the preference of the nucleophilic 
attacking species for the primary carbon atom. When an 
acid catalyst is employed, however, steric considerations 
should be of negligible importance-, since the acid-cata-
lyzed reaction (2) usually proceeds through the formation 
of an oxonium complex and rupture of the oxirane ring 
prior to the addition of the alcohol or phenol. 
~~ 
'c--c 
/" I 0 
H 
+ 
If excess base is used the product will be glycidyl 
phenyl ether because of elimination of HCl from the chloro-
hydrin. 
3 
In order to study the 'directive influence of the halomethyl 
group upon epoxide ring opening, it is advantageous to observe 
the acid catalyzed reactions of phenol with the next higher 
homologues of bromochlorohydrin: l-bromo-2,3-epoxybutane 
(CH3--c~0/CH-CH2Br), and 3-bromo-1,2-epoxybutane 
l-Bromo-2,3-epoxybutane is of particular interest 
because both epoxy carbon atoms are secondary and any direc-
tive influence should be due entirely to the presence of the 
bromine atom in the molecule. 
It is the purpose of this investigation to st~dy the 
reaction of phenol with 1-bromo-2,3-epoxybutane in the 
presence of boron trifluoride and to identify the reaction 
I 
products in order to gain information which will be helpful 
in understanding the mechanism of the reaction. 
LITERATURE REVIEW 
The first investigation of the course of addition to 
an unsymmetrical oxide was probably that of Markownikov (1), 
who in 1875 studied the reaction of propylene oxide with 
hydrogen chloride. The chlorohydrin thus obtained was 
found to be identical with that prepared by the reaction 
of propylene with hypochlorous acid. With these results 
he established the rule which bears his name: when a 
hydrogen halide is added to an unsymmetrical ~-oxide, 
the hydroxyl group becomes attached to the carbon atom 
which is poorest in hydrogen atoms. 
CH-CH~CH 3 2 
Since Markownikov' s time . ·this rule has been applied to 
reactions of epoxides with many different reagents other 
than hydrogen halides. The rule is not so generally 
a pplicable as was formerly believed, but for the sak e of 
convenience this paper will refer to normal addition as 
being that course of addition which complies with 
Mark ownik ov's rule. · 
Opening of the oxirane ring may proceed in either 
direction, so that any addition of an attacking reagent, 
H~, to an unsymmetrical oxide may produce one or a mixture 
of two isomers. 
5 
The direction of ring opening may be anticipated in some 
cases, but accurate · prediction of the products from this 
type of reaction is difficult because of the dependence of 
the course of addition upon temperature, solvent, catalyst, 
and directive influences of groups within the oxirane com-
.pound itself. 
Before discussing individual examples from the litera-
ture it is advantageous to review several theoretical con-
cepts involved in oxirane ring opening. Two mechanisms of 
~poxide ring open~ng are generall~ accepted (4). In the 
presence of basic catalysts, the· mechanism is essentially 
that-of a bimolecular nucleophilic displacement (SN2). 
This same mechanism is proposed for the uncatalyzed reaction, 
but the reaction rate in this case is extremely slow. When 
the catalyst is acidic, however, the reaction proceeds by 
means of a unimolecular ring opening of the oxide-conjugate 
acid, followed by a rapid reaction of the carbonium ion (5). 
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The rate determining step is the effective collision of 
the epoxide with the attacking species (X-), and is fol-
lowed by bhe rapid addition of a hydroge~ ion to the 
negative oxygen. The most common nucleophilic agents are 
perhaps alkoxides and phenolates. Phenols and alcohols 
6 
will react in the free state, but the reaction is extremely 
slow, requiring elevated temperatures and prolonged reaction 
time. With a variety of phenols, Boyd and Marle ( 6 ,7) have 
shown kinetically the greater ·reactivity of phenolate ion 
over phenol. Hence, basic catalysis has been employed by 
many investigators. 
The nucleophilic agent will be most likely to attack 
the most electropositive carbon atom. If the two epoxy 
carbons are very similar electronically, steric consider-
ations predict the rate sequence: primary> secondary . > 
tertiary. Specific examples will be given supporting 
this rule. In many cases, steric considerations appear 
to outweigh electronic differences between the two epoxy 
carbon atoms. 
The acid-catalyzed ·reaction proceeds quite differently, 
and often gives a mixture of isomers or a structural isomer 
different from that obtained by basic catalysis. The 'rate-
determining step is the unimolecular (5) ring opening of 
the oxonium complex (oxide-conjugate acid), arid is followed 
by the rapid reaction of the carbonium ion: 
?H + 
'c-c/ / ...... 
7 
In th~s case the rate sequence ~s pre~~cted to be tert~ary> 
secondary > pr~mary, because of the great~r stab~l~zat~on 
' ' 
of secondary and tert~ary carbon~um ~ons by means of no-
bond resonance (8). Th~s . w~ll be ~llustrated for the case 
of ~sobutylene ox~de. 
W~nste~n and Henderson (4) state that the oxon~um 
complex may reac~ w~th the nucleo~h~l~c agent before the 
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In th~s case the rate sequence shou}-d be pr~mary >secondary) 
tert~ary. K~net~c data are somewhat sparse, and ~t ~s not 
establ~shed wh~ch mechan~sm more closely represents the 
ac~d-catalyzed react~on. Pred~ct~on of the d~rect~on of 
r~ng open~ng for the ac~d-catalyzed react~on ~s qu~te 
d~ff~cult. 
In the rev~ew by W~nste~n and Henderson (4) a great 
number of ~nvest~gat~ons are c~ted wh~ch show that ~nver-
s~on of conf~gurat~on always takes place at one of the 
epoxy carbons, regardless of the catalyst used; th~s ~nd~-
cates that epox~de r~ng open~ng ~s always trans . . 
8 
Addition reactions to propylene oxide have received a 
great deal of attention. The work of Markownikov, which 
has already been mentioned, has been confirmed by several 
investigators (2). In every case found in the literature 
propylene oxide gives the normal product (secondary alcohol) 
under basic conditions, and a mixture of isomers is obtained 
when acid catalysis is employed. This was shown by Petrov (9) 
during a series of reactions with various alcohols. Chitwood, 
and Freure (3) confirmed this conclusion, and observed that 
the quantity of normal product was increased when the concen-
tration of acid catalyst was decreased. The uncatalyzed 
reaction yielded a mixture consisting ~ostly of the normal 
pro~uct. Reeve and Sadle (10) made si~ilar observations in 
the case of propylene oxide and methanol. Swern (ll) and 
co-workers prepared primary ethers from the base catalyzed 
reaction of propylene oxid~ and allyl alcohol, while acidic 
conditions produced isomeric mixtures. 
Work with phenols and propylene oxide has not been so 
extensive, but the trend seems to be the same. Thus 
McSweeney (12) obtained only the normal product from the 
reaction of sodium phenolate with prop ylene oxide, while 
Sexton and Britton (13) obtained in very low yield ( 6 .5%) 
a mixture consisting of 49 p er cent normal product when 
the . catalyst was benzenesulfonic acid. The use of boron 
triflu oride catalysis in the phenol-propylene oxide reaction 
was not fou nd in the literature. 
9 
The examples found in the literature support the proposed 
mechanism for acid and base catalyzed addition of phenols and 
alcohols to propylene oxide. 
Petrov (2) has studied the addition of alcohols to 
isobutylene oxide, to find that the primary ether is formed 
in the presence of alcoholate ion, while sulfuric acid or 
boron trifluoride catalysis produces the tertiary ether. 
From the acid catalyzed reaction no primary ether was detected. 
As was mentioned earlier, this may be explained on the basis 
of greater stabilization of the tertiary carbonium ion by 
means of no bond resonance. The tertiary carbonium ion may 
have six resonating structures, while the primary ion has 
none. The base catalyzed reaction is in accordance with 
+ ROH 
the primary) secondary ) tertiary rule. 
Having examined the simplest tertiary-primary oxide, 
Petrov (14) and co-workers decided to investigate the 
simplest tertiary-secondary oxide, trimethylethylene oxide. 
The results were much the same, lending further support to 




The reaction of 3,4-epoxy-l-butene with methanol produces 
the primary ether under basic conditions, while acidic catal-
ysis yields the abnormal isomer (secondary ether). Kadesch 
(15) points out that the direction of ring opening which 
results in the secondary ether gives a more stable carbonium 





CH =cH-CH-CH OH ~ CH -CH=CH-CH OH 2 2 2 2 
Such an explanation suggests the possible formation of a 
primary ether-primary alcohol under acidic conditions. Small 
quantities of ·a high boiling fr~ction resembling 4-methoxy-
2-buten-l-ol were obtained, but attempts .at positive identi-
fication were not successful. 
The examples presented thus far indicate that predic-
tions of epoxide ring opening are fairly successful in the 
case of saturated aliphatic epoxides which contain no 
functional groups other than the oxirane oxygen. As soon 
as another group is present in a position near an epoxy 
carbon, prediction becomes more difficult. The course of 
ll 
addition may be changed entirely by the proximity of halogen, 
aromatic nucleus, hydroxyl group, or other groups (2). 
The behavior of epichlorohydrin is striking in its 
departure from the pattern displayed by propylene oxide 
and its derivatives. The substitution of chlorine for one 
of the methyl hydrogens of propylene oxide causes the new 
oxirane compound to display a complete indifference to the 
type of catalyst used. The primary ether is always obtained 
during reactions with alcohols (2, ll, 16) or phenols (6, 
17, 18). 
CH2Cl-C~~CH2 + ROH ~ CH2Cl-CH(OH)-CH20R 
Boyd and Marle (17) prepared l-chloro-3-phenoxy-2-
propanol by allowing a mixture of one mole phenol, one 
mole epichlorohydrin, and l/80 mole sodium hydroxide to 
stand for three weeks at room temperature. The same product 
was obtained when Levas (18, 19) allowed phenol to react 
with epichlorohydrin in the .presence of boron trifluoride. 
In the absence of a catalyst, l-chloro-3-phenoxy-2-propanol 
was obtained by heating a mixt~re of phenol and epichloro-
hydrin (16, 22). The formation of the primary ether under 
basic conditions could easily be due to steric conditions, 
even though the secondary epoxy carbon atom is the most 
electropositive because of the electron attracting influ-
ence of the chloromethyl group. 
12 
In the absence of kinetic data, the exclusive formation 
of the primary ether under acid conditions leads to two 
speculations. If a nucleophilic attack takes place before 
rupture of the oxide ring, the primary ) secondary ) tertiary 
rule (4) may govern the course of the reaction. On the other 
hand, Petrov (2) offers an electronic interpretation which 
is based upon the "vicinal effect" or adjacent charge rule 
(23). If the oxide ring were opened to form the secondary 
carbonium ion, this ion would be less stable than the pri~ary 
carbonium ion because of the presence of positive charges 
(one real, one formal) on adjacent carbon atoms: 
Cl.-CH-CH-CH 
&+2 + 1 2 Q_ 
and 
This interpretation has been supported by the addition of 
hydrogen halides to higher homologues of epichlorohydrin 
(2, 24). 
In order to test Petrov's interpretation it is advan-
tageous to study the acid catalyzed reaction of phenol with 
1-bromo-2,3-epoxybutane. Since both epoxy carbons are 
secondary, steric effects should be less sig nificant. If 
the adjacent charge rule is valid for the acid catalyzed 
addition of phenols to haloepoxybutanes, the product from 
this reaction should consist chiefly of 1-bromo-3-phenoxy-
2-butanol. 
CH Br-C.lf~Cif-CH 
2 "/ 3 0 . 
+ 
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Haloepoxybutanes of the type CH2x-~0/CH-CH3 and 
CH3-CHX-C~0/CH2 have appeared only three times in the litera-
ture. They were first prepared by Petrov (24), who studied 
the addition of hydrogen halides to the chloro- and bromo-
epoxybutanes. Russell and Rowton (25) studied the reaction 
of the bromoepoxybutanes with phenol in the presence of 
excess sodium hydroxide to find that the nucleophilic 
attack was at the epoxy carbon farthest removed from the 
halogen. VanderWerf and Waters (26) found that the methoxide 
ion always attacks the primary carbon atom, whether it be 
an epoxy carbon or a bromomethyl group. Reaction conditions 
of these last two investigations were entirely different, 
so a generalization about the base catalyzed reactions 
cannot be made. 
For a more complete discussion of epoxide literature~ 
the reader is referred to the textbook edited by Elderfield 
(4) or the article of Petrov (2). 
DISCUSSION 
In the presence of an acidic catalyst, l-bromo-2,3-epoxy-
butane (I) may react with phenol to give one or .both of two 
structural isomers: 
CH -CH--CH-CH Br 
3 'o/ 2 (I) 
CH3 -CH(OC6H5 )-CH(OH)-CH2Br, l-bromo-3-phenoxy-2-butanol (II), 
CH3 -CH(OH)-CH(OC6H5 )-CH2Br, l-bromo-2-phenoxy-3-butanol (III) 
Before discussing the method of proof ~sed in the present 
work, it is advantageous to mention a few of the chemical 
properties of (II) and (III) · which wouid be predicted from 
and 
consideration of their structures. The dehydrobromination (27) 
of (II) should proceed nearly to completeness under relatively 
mild conditions, such as treatment with sodium hydroxide solu-
tion at room temperature. Caustic solution should have practi-
cally no effect upon (III) at room temperature. (The removal 
I 
of hydrogen bromide from a compound such as (III) to form a 
substituted trimethylene oxide has a very slow reaction rate 
and usually requires more extreme conditions of temperature 
and concentration of the caustic solution (28). Even under 
favorable conditions the yields are generally low.) 
The predicted properties of (II) and (III) led to adoption 
of the following scheme of identification. The bromohydrin (II) 
was dehydrobrominated at room temperature to give an oxirane 
compound (IV) in high yield. This epoxide (IV) was then 
15 
oxidized by silver oxide in order to obtain ~-phenoxypropionic 
acid, which appears in the literature and is easily identified 
by standard procedures. 
CH3 -CH(OC6H5 )-CH(OH)-CH2Br (II) 
NaOH 
CH3 -CH(OC6H5 )-CH--CH2 , 3-phenoxy-1,2-epoxybutane (IV) 
. 'o/ 
CH3 -CH(OC6H5 )-COOH , ~-phenoxypropionic acid (V) 
The dehydrobrominati~n was effected by shaking an alco-
holic solut~on of (II) with t~ice the theoretical quantity of 
6N sodium hydroxide for one hour at room temperature. At 
these conditions the removal of hydrogen bromide from (II) 
was expected to proceed nearly to completeness~ while (III) 
·should have r ·emained unaffected. The yield of oxirane com-
.J 
pound (IV) was 80%. The bromine-containing residue (3 g.) 
obtained dur~ng distillation of the crude epoxide was less 
than 2% by weight of the total m.aterial recovered. This 
residue may have been due to the presence of (III), unreacted 
(II), or both. Its identification was not attempted. The 
slight residue and the high yield of epoxide offer strong 
evidence that . little or no (III) was formed during the reac-
tion of (I) with phenol. It should be emphasized that the 
presence of (III) was neither proved nor disproved. 
The oxirane value and elemental analysis of (IV) were 
in poor agreement with the theoretical values, indicating that 
the experimental percentage of oxygen was lower than the 
calculated value. No explanation is offered for this. 
16 
However, the high yield of ~-pheno~ypropionic acid obtained 
from (IV) indicated that impurities were not present in gross 
quantities. 
The silver oxide oxidation of (IV) proceeded smoothly, 
giving 79% yield of the pure a-phenoxypropionic acid. The 
melting points of the acid an~ its derivatives were in excel-
lent agreement with the literature values. 
Because (II) and (III) possess the structural requisites 
for the haloform reaction, hypohalite oxidation was first 
considered as a means of identifying the product arising from 
the addition of phenol to (I). Since (I) was available in 
limited quantities, the method was tested with 1-chloro-3-
phenoxy-2-propanol. Sodium hypoiodite solution failed to 
oxidize this chlorohydrin. Oxidization took place with 
sodium hypobromite, but the product was a mixture of the 
expected ~-phenoxyacetic acid and its bromination products. 
Sodium hypoiodite failed to oxidize (II). The failure of 
sodium hypoiodite to oxidize certain compounds possessing 
the structural requirements for the haloform (29) reaction 
has been reported. Bromination or chlorination (29) of 
sensitive sites within a molecule is not uncomn1on. 
Krohnke's (30) method of degradative oxidation consists 
of allowing an ~-haloketone to react with pyridine and 
decomposing the substituted pyridinium chloride with sodium 
hydroxide. The product is a carboxylic acid containing one 
less carbon atom than the original compound. This method 
17 
failed with l~chloro-3-phenoxy-2-propanol, probably because 
the ketone was not obtained in the pure state. 
The pr6cedure given in this paper for the preparation 
of l-chloro-2,3-epoxybutane and 3-chloro-1,2-epoxybutane is 
not recommended. Each step involves excessive loss of 
material. Petrov's (24) procedure for the preparation of 
l-chloro-2,3-epoxybutane from 3-bromo-l,2~epoxybutane was 
tried on a large scale, and was found to be satisfactory. 
(l-Chloro-3-bromo-2-butanoi was obtained in 76% yield; 
l-chloro-2,3-epoxybutane was obtained in 68% yield.) 
EXPERIMENTAL 
Boiling points and melting points are uncorrected. Pres-
sures of vacuum distillations greater than l mm are reported 
to the nearest half millimeter of mercury. Pressures less 
than l mm were read from a McLeod gage, and are probably 
reliable to the nearest O.l mm. 
The preparation of 2-buten-l-ol and l-buten-3-ol appears 
in the literature (24) and has been repeated by other investi-
gators (25, 26), so those procedures are omitted here. (2-Buten-
l-ol is now commercially available from Distillation Products 
Industries, Rochester, N. Y., or Chemical Intermediates and 
Research La~oratories, Inc., Cuyahoga Falls, Ohio.) 
The preparation of l-chloro-2,3-epoxybutane and 3-chloro-
1,2-epoxybutane by direct chlorination of the appropriate 
butenols and subsequent dehydrochlorination has not been 
reported and is presented in this section. The preparation 
of the chloroepoxybutanes may be summarized symbolically: 
CH =CH-CH=CH 2 2 H~ ~ 
CH 2=CH-CHBr-CH3 CH3
-CH=CH-CH2Br ~H20 ~H2o 
CH2=CH-CH(OH)~CH3 CH3 -CH=CH-CH20H ~c12 ~ Cl2 
CH2Cl-CHCl-CH(OH)-CH3 CH3 -CHCl-CHCl-CH20H ~KOH . t KOH 
CH2Cl-~0/CH-CH3 CH3 -CHCl-C~0/cH2 
19 
Preparation of 2,3-Dichloro-1-butanol 
2-Buten-l-ol (333 g.) was mixed with twice its volume 
of carbon tetrachloride (800 ml.) and cooled to -S°C. Gaseous 
chlorine was bubbled through the solution during a period of 
about seven hours, while the temperature was held between -S 0 
and 0°C. by means of a refrigerated bath. The gain in weight 
of the flask and contents indicated that slightly less than 
the stochiometric quantity of chlorine had been absorbed 
(neglecting evaporation of the solvent). The solution was 
I 
washed alternately with water and 2% sodium bisulfite to 
remove any free chlorine, and was then dried over anhydrous 
sodium sulfate. The so1vent was removed by evaporation at 
reduced pressure. Distillation at S mm. pressure produced 
l9S grams of 2,3-dichloro-l-butanol (29% yield), which were 
collected in the range 68-72°C. 
Preparation of 3-Chloro-1,2-epoxybu~ane 
A three-necked, one-liter flask was equipped with a 
dropping funnel, mechanical stirrer with glass seal, conden-
ser, and heating mantle. 2,3-Dichloro-l-butanol (l9S g.) 
was added dropwise and with vigorous agitation to a fourfold 
excess of hot 80% potassium hydroxide solution (383 g.). 
The potassium hydroxide solution was maintained at tempera-
tures of 120° to l30°C. The epoxide was immediately codis-
tilled with water upon formation. Most of the epoxide-water 
mixture distilled between 108° and ll0°C., but the temperature 
20 
~ose to 127°C. toward the end of the addition of the dichloro-
hydrin. The water was separated from the insoluble epoxide 
by means of a separatory funnel, and the product was dried 
over anhydrous sodium sulfate. Upon distillation at atmos-
pheric pressure, 35 grams of 3-chloro-1,2-epoxybutane were 
collected in the temperature range 124°-130°C., while an 
additional 25 grams boiled at 130°-135°C. The combined yield 
was 41% of the theoretical. (Petrov (24) reports 118°-135°C., 
and attributes the wide temperature range to the presence of 
two possible diastereoisomers differing widely in their 
physical properties.) 
Preparation of 1,2-Dichloro-3-butanol 
The 1-buten-3-ol (208 g.) was mixed with twice its 
volume of chloroform (500 ml.), and the solution was cooled 
to -10°C. While the temperature was maintained between -10° 
and 0°C., 196 grams chlorine were bubbled into the solution 
during a period of four and one-half hours. The efflux was 
acidic to litmus and smelled of hydrogen chloride. The 
chlorinated solution was acidic, and repeated washings with 
5% sodium bicarbonate solution were necessary to remove the 
acidity. After a final washing with water the material was 
dried over anhydrous sodium sulfate. Following removal of 
the solvent at reduced pressure, the product was distilled 
at 2.5 mm. pressure with noticeable decomposition. At 2.5 
mm., 102 grams (25%· yield) were collected at 48°-50°C. An 
additional 41 grams were collected in the range 50°-53°C. 
The combined yield was 35% of the theoretical amount. 
Preparation of l-Chloro-2,3-epoxybutane 
21 
The apparatus has been previously described. 3,4-Dichloro-
2-butanol (143 g.) was added dropwise to -280 grams of 80% 
potassium hydroxide solution, the caustic being maintained at 
temperatures of l30°-l50°C. Upon formation, the epoxide was 
codistilled with water at temperatures of l02°-ll0°C. Separa-
tion of the two phases of the distillate and drying of the 
epoxide over calcium sulfate yielded 94 grams of organic 
liquid. The crude material was fractionated through a small 
Vigreaux column at atmospheric pressure. The yield of 1-chloro-
2,3-epoxybutane was 38.5 grams (36% yield), distilling at 124°-
(Petrov (24) reports l24°-l25.5°C. The same material 
was prepared according to Petrov's instructions by Donald W. 
Hall in this laboratory. Mr. Hall collected two fractions: 
Reaction of Epichlorohydrin with Phenol in the 
Presence of Boron Trifluoride 
The procedure of Levas (18) was followed, with the exception 
that the catalyst was added in the form of a commercially avail-
able boron trifluoride phenol complex. 
A solution of l mole (94 g.) phenol and l gram boron tri-
fluoride dissolved in 500 ml. benzene was placed in a one-liter, 
three-necked flask equipped with mechanical agitator and dropping 
zz 
funnel. The solut~on was cooled to -Z°C. by means of a 
salted ~ce bath. Ep~chlorohydr~n (O.Z5 mole, Z3 g.) was 
added dropwise and w~th agitat~on at such a rate that the 
temperature of the react~ng solut~on was ma~nta~ned between 
-Z 0 and +zoe. The add~t~on requ~red approx~mately 30 minutes, 
and ag~tat~on was cont~nued for an add~t~onal 30 m~nutes' 
durat~on. Ice water was added to decompose the catalyst. 
After 30 m~nutes the water was removed and the benzene was 
d~stilled w~th the last traces of water at reduced pressure. 
The phenol was removed by d~st~llation at 13-14 mm. pressure, 
most of ~t passing between 78° and 9Z°C. The 1-phenoxy-3-
chlo~o-Z-propanol (Zl.O g.) · was collected between 154° and 
164°C. at 14 mm. and represented 45% of the theoretical 
y~eld. Upon redistillat~on the substance passed at 85°-
86°C., O.Z5 mm. pressure. Z5° The refract~ve ~ndex, nD 1.5400, 
was ~dentical to the value reported by Fa~rbourne (16). 
The preparqt~on of the catalyst is crit~cal. The boron 
tr~fluoride phenol complex (Z6% BF3 ) was technical grade, 
code 1468, and was purchased from the General Chemical 
D~vis~on of All~ed Chem~cal and Dye Corporat~on, New York, 
N. Y. On two occas~ons a heavy, v~scose oil bo~l~ng much 
h~gher than l-phenoxy-3-chloro-Z-propanol was obta~ned. 
Exam~nat~on of the records ind~cated that the commerc~al 
catalyst lost its spec~f~c~ty sometime between the th~rd 
and s~xth month after purchase. When a .new bottle of boron 
tri,£luor~de phenol complex was obta~ned the r .eaction pro-
ceeded smoothly. 
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Two attempts were made to prepare the boron trifluoride 
catalyst by heating a mixture of calcium fluoride and boric 
acid in concentrated sulfuric acid as described by Levas (18). 
Using this catalyst, a high boiling material of unknown com-
position was again obtained. 
Attempted Degradative Oxidation of 
1-Phenoxy-3-chloro-2-propanol 
The hypoiodite oxidation of 2 grams of 1-phenoxy-3-
chloro-2-propanol was attempted, using the procedure of 
Shriner, Fuson, and Curtin (31). No phenoxyacetic acid 
was i~olated. 
Hypobromite oxidation was attempted with 5 grams of 
the chlorohydrin, 16.5 grams sodium hydroxide, 22~grams 
bromine, and 275 ml. water.- The mixture was agitated for 
five hours at room temperature and two hours at 55°C. 
Excess bromine was removed by sulfur dioxide. The solution 
was acidified and 2.3 grams of impure solid material were 
removed by ether extraction. After one recrystallization 
from hot water, about two-thirds of the remaining material 
small quantity of material melting at 92°-96°C. was iso-
1ated from the filtrate. Phenoxyacetic acid is reported 
4-Bromophenoxy-
acetic (34) acid melts at l53°-l54°C., and 2-bromophenoxy-
acetic (35) acid melts at l42-5°~143°C. 
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The method of Krohnke (30) was tried. The lack of 
sucess of this attempt was probably due to the failure to 
obtain the ~-chloroketone in the pure state. 1-Phenoxy-
3-chloro-2-propanol (11.4 g.) was oxidized with sodium 
d~chromate according to the procedure of Henze and Holder 
(36). The product consisted of 10.3 grams of a dark, impure 
oil. It was not practicable to distill ·. such a small quantity 
of liquid with the equipment on hand. The impure liquid was 
added to pyridine and treated according to the instructions 
of Weygand (37). No phenoxyacetic acid was isolated. 
(3_8) • 
Reaction of l-Bromo-2,3-epoxybutane with Phenol 
in the Presence of Boron Trifluoride 
The epoxide used for this reaction was prepared by Rowton 
It was fractionated through a short Vigreaux column, 
b.p. l43°-l45°C. at atmospheric pressure. (Petrov (24) 
One-fourth mole (37-7 g.) of l-bromo-2,3-epoxybutane 
was added dropwise and with vigorous agitation to a solution 
of phenol (94 g.) and boron trifluoride (l g.) in 500 ml. of 
benzene as previously described. The time required for the 
addition was about thirty minutes, and the temperature was 
maintained in the range -2° to 2°C. After thirty minutes' 
additional agitation, ice water was added to destroy the 
catalyst. The water was removed and the benzene was dist~lled 
at reduced pressure. Most of the phenol was removed by distil-
lation at 15 mm. pressure. After removal of phenol the residue 
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containing the product was a deep red color. (Treatment of 
the reaction mixture with water destroys the calatytic abil-
ity of the boron trifluoride but does not seem to remove all 
of the inorganic material. Sodium hydroxide washing was used 
on several occasions, but this promotes the formation of small 
quantities of epoxide.) The deep red product was distilled 
at 0.25 mm. Several grams of phenol were collected in the 
range 60° to 90°C., then the temperature rose abruptly to 
l53°C., dropping rapidly to l24°C. as the slightly reddish 
liquid (48.7 g.) distilled much too quickly. Redistillation 
at 0.5 mm. produced 40.7 grams of clear, colorless liquid 
boiling at l08°-ll5°C. This was separated into two fractions, 
the first boiling at 108°-111°/0.5 mm., the second at 111°-
1150/0.5 mm. _. Twelve hours l _ater the first fraction had 
acquired a dirty yellowish color, while the second fraction 
had turned a bright red viol~t. Each fraction was distilled 
separately at 0.3 mm., and a total of 36-7 grams (60% yield) 
of clear, colorless material were collected in the range 
l00°-l05°C. Four fractions were collected which had iden-
tical indices of refraction~ n~20 1.5500. No 'discoloration 
was noticed after the third distillation. The sample analyzed 













The substance was later found to be 3-phenoxy-l-bromo-
2-butanol. The haloform test (31) with sodium hypoiodite 
was not successful. 
Dehydrobromination of 3-Phenoxy-l-bromo-2-butanol 
The bromohydrin (35.2 g.) was placed in a 500 ml round-
bottom flask with 200 ml of ethyl alcohol. Slightly more 
--.... 
than twice the theoretical quantity of 6N sodium hydroxide 
(50 ml.) was added. The flask was stoppered, and the mixture 
was shaken vigorously by hand for one hour. No precipitate 
of sodium bromide was noticed. One liter of water was added, 
and the product was removed by three ether extractions. 
Analysis (39) of the aqueous phase by the Mohr method indi-
cated 96% removal of the bromine. The ethereal solution of 
epoxide was washed with water until neutral and dried over 
anhydrous calcium sulfate. The ether was then evaporated 
/ 
at reduced pressure, and the product was distilled under 
vacuum. With the pressure varying from 0.25 mm. to 0.5 mm., 
18.8 grams ( 8 0% yield) of product were collected in the range 
The residue consisted of 3 grams of yellowish oil, 
and gave a positive quaiitative test for bromine. 
The product · was fractionated through a short Vigreaux 
column at 0.3 n~., with 90% of the material boiling at 74°-
77°C. 1 The residue gave a ~eak positive test for bromine, 
while the distillate was free of bromine. The oxirane content 
of varioua __ fractions was determined by the method of Swern 
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(40) el al. Precision was poor; the highest value was 9%, 
while the average value was about l% below the theoretical 
value of 9-75%. Elemental analysis~~ showed the following 









The product was found to be 3-phenoxy-1,2~epoxybutane 
by means of silver oxide oxidation. 
Silver Oxide Oxidation of 3-Phenoxy-1,2-epoxybutane 
Three grams of 3-phenoxy-1,2-epoxybutane ~ere placed in 
a 100. ml. flask with 17 grams of silver oxide and 50 ml. of 
10% sodium hydroxide. The mixture was heated over a steam 
bath with vigorous agitation for 18 hours. At the end of 
this time all the silver oxide appeared to have been converted 
to metallic silver, and no insoluble organic material remained. 
The solution was fi~tered and acidified with dilute hydro-
chloric acid. Several ether extractions produced 3.06 grams 
of crude crystals, which were recrystallized from hot water 
to yield 2.4 grams (79% of the theoretical) of white, f£uffy 
needles melting at ll5°-ll6°C. The substance was identified 
as ~-phenoxypropionic acid by means of derivatives (41). 
~(.. 
'Elemental .analysis by Clark Microanalytic Laboratory 











132°-133 ° (130°) 
ll7°(l;t8 °-ll9°) 
CONCLUSIONS 
In the presence of boron tr~fluor~de, l-bromo-2,3-
epoxybutane reacts w~th phenol to·g~ve as the . ch~ef 
product l-bromo-3-phenoxy-2-butanol .. The predom~nant 
format~on of th~s ~somer supports Petrov's (2) ~nterpre-
tat~on of s~m~lar react~ons, and may be expla~ned in 
terms of the adjacent charge rule (23). 
Accepting the mechan~sm suggested by Petrov and 
others (5), it may be assumed that an oxonium complex ~s 
f~rst formed by the epox~de and the boron trifluoride. 
The un~molecular ring opening then takes place, followed 
by the rapid reaction of the carbonium ion with phenol. 
The opening of the epoxide ring may proceed in either 
direction, giving spec~es (X) or (XI): 
Br~CH--CH--CH--CH cS~ 2 + I 3 o_ 
(X)' 
B~CH--CH--CH--CH ~~ 2 1 + 3 o_ 
(XI) 
One would predict (X) to be the less stable carbonium ion 
of the two because of the presence of positive charges (one 
real, one formal) on adjacent carbon atoms. Such an ~nter-
pretation accounts for the predominant formation of 1-bromo-
3-phenoxy-2-butanol, since species (XI) leads to the forma-
tion of this isomer. 
SUMMARY 
l-Bromo-2,3-epoxybutane reacted with phenol in the 
presence of boron trifluoride to give in 60% yield a clear, . 
colorless liquid composed chiefly of l-bromo-3-phenoxy-2-
butanol. 3-Phenoxy-1,2-epoxybutane was prepared from the 
bromohydrin in 80% yield. The epoxide was oxidized to 
OC-phenoxypropionic acid in 79% yield by means of silver 
oxide. 
l-Chloro-2,3-epoxybutane and 3-chloro-1,2-epoxybutane 
were prepared in low yield by chlorination of the appro-
priate butenols and subsequent dehydrochlorination of the 
chlorohydrins. 
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